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COUNCIL NOTES 
F6.0 INSULATING MATERIALS 
The increasing costs of heating and cooling make 
it more expensive to stay warm in winter and cool 
in summer. Insulation slows the movement of heat. 
A house constructed to reduce heat flow stays 
comfortable, winter and summer, because rooms 
remain at a more constant temperature. 
New insulating materials, and the more fa-
miliar ones, give the consumer choices in price 
and performance. With information on heat move-
ment and insulating materials, the consumer can 
make an informed choice. 
Conserving Heat 
Heat is transferred to and from of a house in three 
ways: by conduction, convection, and radiation. 
Conduction transfers heat directly, much like the 
handle of a cast iron frying pan receives heat from 
the burner through the body of the pan. Some 
materials, including most metals, are good con-
ductors. Most insulating products are poor con-
ductors. 
Convection is the movement of heat with the 
movement of a fluid. In heat transfer, air is con-
sidered a fluid. Heated air expands and rises. 
Cooler air moves in to fill the void created by the 
rising air, and it, in tum, is heated and rises. Some 
insulations limit heat transfer by preventing the 
movement of air. 
Radiation transfers heat energy by electromag-
netic waves. Light from the sun and warmth from 
a roaring fire are forms of radiant heat. Waves 
carry this form of heat from its source (the sun or 
a fire) to its destination (anything facing the heat 
source.) This is how the heat of the sun is able to 
cross the vacuum of space to reach the earth. Some 
insulations control heat flow by reflecting electro-
magnetic waves back toward their source. 
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Slowing Heat Transfer 
Material used for insulation is manufactured to 
reduceconvection,conduction,orradiation. When 
a raw material, such as glass, is a good conductor, 
the manufacturing process changes the raw ma-
terial (glass) into an effective insulator (fiberglass). 
Insulating materials are manufactured to: 
e Provide air spaces 
e Restrict air movement 
e Reflect heat back to its source 
Trapped air slows the rate of heat transfer. In 
winter, birds fluff their feathers to provide a layer 
of insulating air around their bodies. People living 
in cold climates put on layers of clothing. The air 
space between the layers slows the amount of 
heat lost by conduction and convection. 
Insulating materials use a similar principle. In 
fibrous insulation, air is trapped between the fibers. 
The smaller the individual air spaces, the better 
the insulation. As long as the air is trapped in a 
dead air space, there is little heat loss by convec-
tion. 
When fibrous insulation is compacted, how-
ever, the strands come in contact with each other. 
The strands can be made of a conductive material, 
such as glass. Conduction heat loss increases. The 
most effective density of fibrous insulation is usu-
ally a compromise between size of air spaces and 
the conductance of the material. 
Foams use air spaces to slow convection heat 
loss. These enclosed spaces may be filled with a 
low-conductance gas rather than air. Similarly, 
enclosed spaces are created between cells. With 
cell walls touching, convection cannot occur. Con-
duction heat loss is low because plastics, from 
which most foams are manufactured, are poor 
conductors. 
In addition to fibrous insulation and foams, a 
third type of insulation is effective in slowing heat 
transfer. Any surface, such as a wall or ceiling, 
will radiate heat to any other surface that is colder 
than it is. A reflective surface will bounce much 
of this radiant heat back toward its source, thus 
reducing heat transfer. Shiny, metallic surfaces, 
such as foils, reflect much of the heat radiating 
toward them. Because they are very smooth and 
have a minimum of surface area, foils radiate very 
little heat to cooler surfaces around them. They 
are especially useful in hot climates where they 
reflect the heat of the sun during the cooling 
season. However, metals are also good conductors 
(remember the frying pan). To be effective, a 
reflective insulation must not be able to conduct 
heat between two adjacent materials. A %" dead 
air space allows foil insulation to function as an 
insulator rather than a conductor. Because some 
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convection occurs in the air space, the effectiveness 
of reflective insulation varies with the direction of 
heat flow - up, down, or sideways. 
R-Value 
Building insulation cannot prevent the flow of 
heat. Insulation can only slow its movement. The 
ability of a material to slow the rate of heat transfer 
is called its thermal resistance, or R-value. The R-
value is a number describing how long it takes 
heat to move through the material. 
Heat is measured in Btus, or British Thermal 
Units. One Btu has about as much heat energy as 
is produced by burning a wooden kitchen match. 
Imagine a one-foot-square piece of material where 
the temperature on one side is one degree cooler 
than the temperature on the other side. The R-
value of that material is the number of hours it 
takes for one Btu to move from one side of the 
wall to the other. If it takes longer for heat to 
move through the wall, the R-value is higher. It 
will take a Btu eleven hours to move through R-
11 insulation, but it will take nineteen hours for 
it to move through R-19 insulation. Thus, R-19 
insulation has greater insulating ability than R-11 
insulation. 
Sometimes, the insulating value of a material 
is stated in terms of its conductance or conductivity, 
which is represented by its U-value. The U-value 
is 1/R. The lower the U-value, the greater the 
insulating ability of the material. 
The temperature difference between the inside 
and outside of a building plays an important part 
in determining how much insulation is needed. 
Temperature differences act much like water pres-
sure in a hose: the greater the temperature differ-
ence, the faster the heat moves. Buildings in cold 
climates will need more insulation to achieve com-
fort than buildings in temperate zones. 
This Btu is trying to pass through an insulating 
material. The ability of the material to resist the flow 
of heat is called the R-value. 
F6.0 Insulating Materials 
Federal Trade Commission regulations require 
that insulating materials be rated on the basis of 
the material alone (the material R-value), not on 
the performance of the material in a particular 
location (the system R-value). The system R-value 
will depend on the thickness and configuration of 
the air space and the direction of heat flow. Thus, 
although reflective insulation provides a real in-
crease in R-value when installed next to a dead 
air space, an insulation with a foil facing will not 
be rated for that installation, but on the perfor-
mance of the material alone. In choosing an in-
sulating product for a particular installation, the 
contractor or homeowner can enhance the insu-
lating value of the material by considering the 
system R-value. 
Properties of Insulating Materials 
Insulating materials should be chosen on the basis 
of other properties as well as the R-value. These 
properties affect the long-term performance of the 
insulation. The insulating value of a material can 
be affected by any of the following - age, impact, 
extreme temperature, ultraviolet light, moisture, 
chemicals, vermin, or fungi. In addition, some 
insulating materials are highly flammable, while 
others resist fire. 
Moisture. Permeability and water absorption are 
especially important. Water is a good conductor of 
heat, so any moisture that gets into insulation can 
reduce its thermal performance. 
Permeability is the rate at which a material 
will allow the transmission of water in its vapor 
form. Water vapor (steam) is not damaging by 
itself. However, when it loses heat and passes 
below the dew point, the vapor changes phase and 
becomes water. After passing through insulation, 
water vapor can condense on cold surfaces within 
walls and attics. The water or ice that forms not 
only reduces the effectiveness of the insulation but 
also can cause decay. 
Sometimes this problem is aggravated by ma-
terials on the outside of the house that stop trapped 
moisture from passing through to the atmosphere. 
Foil-backed insulating products and many rigid 
insulations are also very resistant to moisture pas-
sage. With tight, well-insulated houses, it is es-
sential that an airjvapor retarder be installed on 
the inside of the house to keep moisture from 
migrating into wall cavities, especially when foil-
backed or closed-cell foam insulation is used on 
the exterior. 
An airjvapor retarder is needed to protect 
fibrous insulating materials from moisture-carrying 
indoor air. A 4- or 6-mil polyethylene sheet should 
be used on inside surfaces of exterior walls and 
ceilings where winter design conditions are below 
freezing. 
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Fire Safety. Fire safety is an important concern. 
Two standardized tests rate materials for fire safety. 
The Flame Spread Index tells how fast fire will 
spread across a material. Noncombustible mate-
rials, such as asbestos, have a flame spread of 0, 
while dry red oak has a flame spread of 100. 
Flame spread ratings of less than 20 meet most 
fire-safety requirements for insulation. 
The Smoke Developed Index measures the den-
sity of smoke produced by a burning material, 
again with asbestos having a rating of 0 and dry 
red oak having a reference value of 100. Smoke 
causes more injuries than flames. Any material 
that contributes smoke at a rate similar to wood, 
or higher, should be recognized as a potential 
hazard. Some insulations must be protected from 
fire because of the toxic fumes produced when 
they bum. 
INSULATING MATERIALS 
Mineral Wool 
The term mineral wool includes three products -
rock wool, slag wool, and fiberglass. These three 
products have essentially the same properties. 
They are formed by melting the base material and 
spinning it into fine threads. Rock wool is made 
from limestone; fiberglass is made from glass; and 
slag wool is made from steel mill slag. 
Mineral wool insulations do not absorb mois-
ture, but a leaking roof or condensation in a wall 
cavity will saturate the wool and cause settling. A 
facing material, either foil or kraft facing, is some-
times needed to support the fiberglass in wall 
cavities. However, unfaced batts, used with a 
continuous vapor retarder, can be used just as 
easily. The foil facing on batt insulation is supposed 
to provide a vapor retarder. Faced batts should 
not be relied on to provide vapor retarders where 
these are called for. 
Mineral wool batts and blankets are about 99% 
air. The remaining 1% is spun fiber and phenolic 
binder. Because the mineral wools are made from 
common materials, this type of insulation is rela-
tively inexpensive. 
Where fireproof construction is required, min-
eral wool formed into semi-rigid fiberglass panels 
can be used. Panels can be faced on one side with 
an asphalted vapor retarder or aluminum foil. 
Unlike fiberglass batts and blankets, semi-rigid 
fiberglass panels, developed in Canada for cold-
climate basement insulation, can be used below 
ground to insulate basement or crawl-space walls. 
The fibers in the panels are oriented vertically to 
channel water down to the footing drain tile. 
All types of mineral fibers are also available 
in the forn:t of loose fill, which can be blown into 
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closed cavities or spread over horizontal surfaces. 
During the blowing process, an adhesive can be 
added which sets up and effectively forms a batt 
of insulation that will not settle. Mineral fiber 
insulation also can be applied to vertical surfaces 
in this manner. 
Wood Products 
Fiberboard. A commonly used exterior sheathing 
material, wood fiberboard is made from the by-
products of wood, sugar cane, or cellulose pro-
cessing, coated with asphalt or other binder, and 
formed into a rigid board. The board provides 
rigidity so that a wall can be constructed without 
diagonal bracing. Fiberboard can also be used as 
a nail base for the siding. It does have some 
insulating value as well. The material is treated to 
provide maximum fire, termite, and rot resistance. 
Cellulose. Cellulose is most commonly available 
as a loose fill. It is manufactured from shredded 
newspaper or wood products and treated with fire-
retardant chemicals. The greatest threat to cellulose 
is moisture. Cellulose performs adequately as long 
as any moisture stays in vapor form. However, 
water that leaks into the insulation or forms in it 
by condensation can saturate the fibers, reducing 
the thermal resistance of the material. The addi-
tional weight may also cause the insulation to 
settle, producing uninsulated areas. 
The most common chemicals used to make 
cellulose insulation fire-retardant are forms of boric 
acid. If humidity is high, the fire-retardant chem-
icals in the insulation may cause corrosion of truss 
plates, electrical conduit, or other metals. 
The R-value per inch of thickness is greater 
than that of the mineral wools because the cellulose 
fibers are poor conductors of heat. 
The insulating value of mineral fiber insulation 
varies with the density of the product. As the density 
increases, the size of the air spaces formed by the 
fibers gets smaller, increasing the insulating value. 
However, the contact area between the fibers in-
creases, increasing conduction loss. Insulation should 
be installed at the optimum density, as specified by 
the manufacturer. 
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INSULATING FOAMS 
All ratings of rigid foams are based on tests of 
aged materials at 75°F. Most foams have higher 
R-values at the time of manufacture but decrease 
in R-value as they age. Aging affects polystyrene, 
polyurethane, and polyisocyanurate. R-values are 
higher at lower temperatures. 
Extruded polystyrene (PS). Polystyrene is pro-
duced from petrochemicals. Under high temper-
ature, polystyrene pellets are fed into an extruder 
and mixed with a blowing agent. Gas is trapped 
in the cells during the foaming process. The foam 
comes out of a slotted opening and expands to 30 
times its original size. The foam is usually man-
ufactured to the desired thickness. This creates 
cells with closed walls. However, thick blocks can 
be manufactured and then cut to expose the cells. 
This type of insulation can be stuccoed to provide 
insulation on the exterior of the building. 
Because of its closed-cell structure, extruded 
polystyrene is an effective vapor retarder. It is also 
one of the few insulating products that can be 
used for exterior foundation insulation. Although 
it retains its insulating value during in-ground use, 
it must be protected from sunlight and garden 
equipment. 
If the foam is installed inside the house, most 
codes require a 15-minute fire barrier (equivalent 
to lh" gypsum drywall) to protect occupants from 
the smoke produced from burning polystyrene. 
Expanded polystyrene (EPS). Expanded polysty-
rene is made in a two-step process. First, polysty-
rene pellets are expanded into a form called pre-
puff. The pellets are fed into a tank, where steam 
heats and expands the beads. Second, the ex-
panding pellets are fed into molds where they fuse 
into a solid block. After cooling and aging, the 
block is cut with hot wires into the desired shapes. 
Because the beads are cut, the expanded poly-
styrene will absorb water. Therefore, it should not 
be used in contact with the soil. Also, the R-value 
of the foam, per inch of thickness, is less than 
that of extruded polystyrene. 
Phenolic Foam. Like other rigid, closed-cell 
foams, phenolic foam has a high R-value. Aging 
has little or no effect on its insulating value. 
However, it is brittle, and edges of panels are 
easily broken. 
For those concerned about fire safety, phenolic 
foam has low flame spread and smoke character-
istics. Because it shatters into tiny, glass-like par-
ticles when sawed, eye protection and gloves should 
be worn during handling. 
F6.0 Insulating Materials 
Rigid foam insulations are made of tiny cells in close 
contact with one another. The air between the cells 
and the air (or other gas) trapped within the cell 
walls slows the ftow of heat. 
Polyurethane. Polyurethane is formed when iso-
cyanate (aniline and formaldehyde) react with a 
polyol (polyester), either in a factory to form board 
material or on a surface when the materials are 
mixed in a spray. The resulting foam is rigid and 
adhesive. The foam is often used in composite 
panels or as an exterior, above-ground insulation. 
The foam cells are filled with a fluorocarbon 
gas, which is less conductive than air. The gas 
trapped in the cells can dissipate over time and 
cause some loss of R-value. To obtain an accurate 
estimate of long-term thermal performance, look 
for an aged R-value. In panels, the gas is often 
kept from escaping by a foil facing. Since foil is 
an effective vapor retarder, care must be taken in 
cold climates to avoid condensation problems. 
Although hard to ignite, polyurethane foam 
gives off poisonous cyanogen gas while burning. 
Because polyurethane foam also produces higher-
than-average amounts of smoke when it burns, 
the foam should not be left exposed in an occupied 
area. When the foam is installed inside the house, 
most codes require the equivalent of lh" gypsum 
drywall to provide 15-minute fire protection. 
Polyisocyanurate. Polyisocyanurate foam is bas-
ically a urethane that has been modified to provide 
greater fire resistance, less smoke emission, and 
more flexibility. Polyisocyanurate panels are usu-
ally reinforced with glass fibers. Because they are 
less brittle than polyurethane but have similarly 
high insulating values, polyisocyanurate foams are 
often used as a core material in composite panels. 
Composite panels are particularly useful above 
open-beamed ceilings. They provide a finished 
ceiling surface, insulation, and a surface to which 
roofing can be nailed. Polyisocyanurate foam 
should not be used in contact with the soil. 
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Most Common R-Value 
Forms Per Inch 
• Loose fill 2.9-3.7 
• Blanket or batt 3.1-3.7 
• Rigid board 
-Wet-felted roof or core 
insulation 2.94 
- Resin binder 3.45 
Loose fill 2.9-3.7 
Blanket or batt 3.1-3.7 
Semi-rigid boards 4.0 
Loose fill 2.9-3.7 
Blanket or batt 3.1-3.7 
Loose fill 3.1-3.7 
Semi-rigid board used as 1.6 
exterior sheathing 
Cut-cell-surface rigid boards 3.8-4.0 
Smooth-surface rigid boards 4.4-5.0 
Rigid boards 3.8-5.0 
Rigid boards 6.28 
Foamed in place 5.8-6.2 
Foil-faced rigid boards 5.8-6.2 (aged) 
7.04 (not aged) 
Rigid boards 4.4-7.1 
Foamed in place 3.6-4.5 
Loose fill 2.7 
Rigid board 2.7 
Loose fill 2.1-2.3 
Foamed in place 3.9-4.2 
In ceiling & floor 2.0*-Heat flow up 
8.17-Heat flow down 
In wall 2.55 
• system R-values are given for 1 reflective surface installed 
next to a 3.5" air space. Values for 2 reflective surfaces are 
slightly higher. 
Durability 
Excellent 
Excellent 
Excellent 
Good unless wet 
Breaks down in sunlight. 
Otherwise good 
Good -loses some R-
value with age 
Breaks down in sunlight 
Good-loses some R-
value with age 
Good-loses some R-
value with age 
Excellent but easily bro-
ken 
Degrades with air move-
ment- use only in en-
closed spaces 
Excellent 
Excellent 
Excellent 
Excellent 
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Flammability and Dimensional Permeability and 
Toxicity Stability Moisture Absorption 
• Non-combustible • Fill to manufacturer's recom- • High permeability 
• 
mended density to avoid settling • Not moisture-absorbent 
of loose fill in walls • If water-saturated, will settle 
• Fiberglass is noncombustible, but • Excellent for batts and boards • High permeability 
kraft facing and resin binders will • Loose fill may settle in walls if not • Not moisture absorbent 
bum applied with proper density • If water-saturated, will settle 
•Few fumes 
Same Same • High permeability 
• Not moisture-absorbent 
• If water-saturated, will settle 
• Excellent fire resistance when • Good in attics • High permeability 
treated with fire retardant. Retar- • To avoid settling in walls, fill to • Highly moisture-absorbent 
dant is slightly corrosive to build- manufacturer's recommended • Moisture ruins thermal resistance 
ing metals when humidity is high. density 
• Highly flammable Fair • Low permeability 
• Smoke is toxic • Low moisture absorption 
Protect with 1h" gypsum drywall • Acts as vapor retarder 
• Highly flammable Fair • Highly permeable 
• Smoke is toxic • Slightly moisture-absorbent 
Protect with 1h" gypsum drywall 
• Hard to ignite, but will bum Expands slightly from moisture or • Low permeability 
• Higher than average amount of curing • Acts as vapor retarder 
smoke • Low moisture absorption 
• Smoke highly toxic. 
Should not be left exposed in an 
occupied area 
• Least flammable plastic foam Good • Low permeability 
• Least smoke of all plastic foams • Acts as vapor retarder 
• Low moisture absorption 
• Low flame-spread Excellent • Varies with density 
• Low smoke 
• Low flammability 4%-20% shrinkage during curing • Highly permeable 
• Releases formaldehyde while cur- • Moisture-absorbent 
ing 
Excellent fire resistance Excellent • High permeability 
• Low moisture absorption 
Excellent fire resistance Excellent • High permeability 
• Low moisture absorption 
Non -combustible Excellent • Varies with density 
Non -combustible Excellent • Acts as vapor retarder 
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Ultralight Cementitious Foam. This product uses 
magnesite (concrete) instead of plastic to capture 
air in tiny bubbles. The foam is especially suitable 
for insulating masonry block walls. It is water 
resistant, contains no formaldehyde, and is rela-
tively strong at higher densities. It may not be 
available in all parts of the country. 
Urea-formaldehyde. Although banned for a time, 
urea-formaldehyde is now back on the market. It 
is manufactured on the job from a resin, a har-
dener, and compressed air, and is foamed into 
closed cavities. Urea-formaldehyde can have a 
high shrinkage factor if the proportioning of ma-
terials is not correct. It deteriorates in the presence 
of moving air, so it should only be used in fully 
enclosed spaces. Also, humidity and heat affect 
the curing of the foam, causing formaldehyde gas 
to be given off under certain conditions. Field 
conditions should be monitored closely if this foam 
is chosen. 
Mineral Fill and Board 
Cellular Glass Board. Cellular glass board is 
available in sheets or blocks. It is used in roofing 
applications because it has a high compressive 
strength and will not bum. It can be used in 
contact with the soil. However, it has a relatively 
low R-value, compared to the other insulating 
boards. 
The heat-fused, closed glass cells provide a 
vapor retarder. The material is brittle; edges and 
particles are sharp; and it can be shattered by 
nails. 
Perlite. An inert, lightweight granular material, 
perlite is made from superheated volcanic rock. 
Water in the raw material turns to steam when 
heated and causes the particles to pop like popcorn. 
The inert volcanic glass is treated with silicone to 
increase its water repellency. Because it is free-
flowing, perlite is used to fill cavities in block 
walls. It is also used as aggregate in plaster and 
composite roofing boards. It has a low R-value, 
but high fire resistance. Also, because of its high 
density, it is relatively expensive. 
Vermiculite. This free-flowing, granular insula-
tion is formed by expanding a form of mica by 
heating it, similar to the "popping" of perlite. It 
is used to insulate block wall cavities. Although 
vermiculite is not affected by humidity in the air, 
its insulating value can be reduced if water is 
present. Water fills the voids between particles and 
increases the overall conductivity of the wall. 
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A reflective heat barrier, shown stapled to the rafters, 
is used to reflect the downward flow of heat. Air 
chutes, stapled to the underside of the sheathing, 
provide air flow from the soffits. 
REFLECTIVE HEAT BARRIERS 
Although a radiant heat barrier is not, strictly 
speaking, an insulating material, polished metallic 
surfaces can be very effective in reducing the 
transfer of heat by radiation. In addition, radiant 
barriers work whether or not the air spaces facing 
them are dead air spaces or contain moving air. 
However, the system R-values for reflective in-
sulation depend on whether the flow of heat is 
up, down, or sideways. Foils with two shiny sur-
faces have slightly higher R-values than foils with 
one reflective surface. 
Insulated Sheathing Board. One of the plastic 
foam boards, faced with a polished aluminum foil, 
will combine conduction control with a radiant 
barrier. Since both surfaces of insulated sheathing 
are polished, either side can face the air space. 
Laminated Structural Sheathing Board. Certain 
types of laminated plywood or manufactured wood 
sheathing have a polished foil applied to at least 
one face of the sheathing. These can be used 
effectively as radiant barriers if the reflective side 
is placed next to an air space. 
Foil. Several foil products are designed exclusively 
for use as radiant barriers. Builder's foil is a single-
layer foil, much like aluminum foil used in the 
kitchen. Some builder's foils offer greater tear 
resistance than others. Foils are often laminated 
to a thin layer of another material (such as rein-
forced kraft paper) or may be formed by depositing 
a microscopic film of metal on a plastic sheet. 
These products can be single- or double-sided, 
and some are perforated so they do not form a 
vapor retarder. In addition, there are multi-layer 
foils with two to five layers. Again, these use air 
spaces to reduce conduction. 
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